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(54) CONTINUOUS PRODUCTION OF POLYOLEFIN 



(57)Abstract: 

PURPOSE: To produce a polyolefin continuously in high 
productivity and high catalyst availability by withdrawing a slurry 
having a concentration higher than that in the polymerizer and 
containing polyolefin particles having a larger particle diameter from f£t*e 
the polymerizer. 

CONSTITUTION: This process is one for performing the slurry or 
bulk polymerization of an olefinic monomer, wherein for example 
liquefied propylene is fed into a polymerizer 1 through a line 8, a 




http://www2.ipdl.jpo-miti.go.jp/dbpweb/connecter/guestmBPquery/ENGDB/wdispaj 09/08/1999 



Searching PAJ 

Page 2 of 2 

stereoregular polymerization catalyst such as a Ziegler/Natta catalytk ^r" ' ( I* I I 
as the main catalyst, a promoter and an electron donor are fed * f ~ 1 " A 

continuously into the line 8 in its middle, the liquefied propylene is «*" 
polymerized in the polymerizer 1 to form polypropylene particles 
including the active catalyst and slurried in the liquefied propylene, 
this slurry is withdrawn from a line 1 1 and treated in a cyclone 7 to 

separate the larger particles, the smaller particles remaining in the slury are returned to the polymerier 
1 through a line 13, and the larger particles are sent to a solid-gas separator 3 through a line 15 
separated from the liauefied propylene, withdrawn from a line 20 and recovered as a product ' 
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(57) [Abstract] 

[Constitution] Slurry polymerization or bulk polymerization doi 
ng propylene, etc slurry inside polymerization vessel in 
continuousthe classification it does polypropylene particle in 
slurry in continuous with such as extractand cyclone in process 
which produces polypropylene, resets only slunyof small 
polypropylene particle of diameter into polymerization vessel, 
it recovers with theslurry of big polypropylene particle of 
diameter as product. 

[Effect(s)] Use efficiency of polymerization catalyst improves, 
yield of polypropylene for input amountof propylene increases. 
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[Claim(s)] 

[Claim 1] Polymerization vessel of 1, 2 or more using, With ste 
reoregular catalyst olefin monomer slurry polymerization to do, 
Or bulk polymerization doing, In process which produces 
polyolefin , slurry inside (a) polymerization vessel in 
continuous extract, (b) polyolefin particle in slurry which is 
extracted in continuous classification todo, It possesses slurry 
concentration which is higher than slurry concentration inside 
the polymerization vessel, it obtains slurry of place where at 
same time thepolyolefin particle in slurry is formed mainly 
from big ones of particle diameter, (c)removes this sluny 
outside polymerization system, it designates that 
remainingportion of slurry which is extracted from 
polymerization vessel is reset to thethis said polymerization 
vessel as feature, continuous production process of polyolefin 
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[0005] 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention in polymerizati 
on vessel which is connected to polymerization vessel of 1 
orthe series array of 2 or more, polymerizes monomer of olefin 
to thecontinuous with Ziegler-Natta catalyst or other 
stereoregular catalyst, it regards improvement of continuous 
production process of the polyolefin. 

[0002] 

[Prior Art] As for high density polyethylene , linear low densit 
y polyethylene , polypropylene , ethylene-propylene 
copolymer , ethylene-propylene rubber and the ethylene * 
propylene * diene copolymer or other polyolefin, in 
polymerization vessel which is connected to polymerization 
vessel of alone orthe series array of 2 or more making use of 
Ziegler-Natta catalyst or other stereoregular catalyst, there is 
many a thingwhich is produced in continuous by slurry 
polymerization and bulk polymerization or other process . 
Regarding these process, polyolefin recovers as particle which 
includesthe catalyst in inside. 

[0003] In slurry polymerization and bulk polymerization, in ord 
er to raise conversion ratio for monomer supplied amount, 
raising slurry concentration in polymerization vessel was 
examined. But, when slurry concentration in polymerization 
vessel is made excessively high in slurry polymerizationand 
bulk polymerization, churning becomes difficult and it was 
known so far thatit is problem that uniform polymerization 
becomes difficult. At time of polymerizing propylene with for 
example slurry polymerization, as for slurry concentration^ 
was said that it is a limit which stable operation can do 35 
weight %. On one hand, 50 weight % extent was called limit of 
stable operation regarding the bulk polymerization. 

[0004] Until recently, it extracted slurry inside polymerization 
vessel from removal linewhich is provided in polymerization 
vessel in discontinuous regarding bulk polymerization. Because 
as for this, although inside of polymerization vessel is high 
pressure ofthe 20 to 60 kg/cm2G as for removal line inside it is 
a low pressure of 1 to 10 kg/cm2G extent. This way as internal 
pressure of polymerization vessel is maintained by extracting 
theslurry in discontinuous, withdrawn amount of slurry was 
controlled bycontrolling opening and closing timing of valve. 

[0005] 

[Problem to be solved] Until recently, this way because slurry in 
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side polymerization vessel only wasextracted simply that way 
discontinuous, slurry concentration in polymerization vessel 
becamethe conversion ratio to polyolefin particle of per 
amount of monomer supplied that way, as for conversion ratio 
to thepolyolefin particle of per amount of monomer supplied 
it was not possible to exceed above-mentionedrestriction. also 
also small polyolefin particle of particle diameter was included" 
in large scalein slurry which is extracted. As for polyolefin 
particle where these particle diameter are small yet 
polymerization isnot excessively advancing, active site density 
of catalyst in particle to behigh and activity still is quite high. 
Therefore, because in form where catalyst where still activityis 
high is included in polyolefin particle it means short path to do, 
use efficiencyof catalyst becomes low, there was a problem that 
productivity decreases. 

[0006] Also, active site density it is high, because namely small 
polyolefin particle of particle diameterwhere residence time is 
short mixes to product, fisheye becomes easy tooccur regarding 
film grade, molded article where impact resistance is high 
regardingthe injection molding grade is not acquired, there was a 
problem that surface roughening is easy tooccur in also, molded 
article. 

[0007] Furthermore, because, as expressed even on, slurry inside 
polymerization vesselis extracted that way from removal line, 
with polyolefin particle it means withthat also monomer of 
large scale is extracted. Because of this, result and monomer 
recovery facility where monomer amount which should recover 
becomes many do scale-up. there was a problem that theenergy 
which is required in monomer recovery becomes many. As for 
this invention, improvement of productivity and catalyst 
utilization efficiency in conventional slurry polymerizationand 
bulk polymerization or other process is designated as object. 

[0008] 

[Means for problem solving] As for this invention, polymerizati 
on vessel of 1, 2 or more using, With stereoregular catalyst 
olefin monomer slurry polymerization to do, Or bulk 
polymerization to do, In process which produces polyolefin 
putting, (a) In each polymerization vessel slurry inside this said 
polymerization vessel in continuous extract, (b) slurry which is 
extracted classification is done in continuous, the slurry 
concentration is higher than slurry concentration inside 
polymerization vessel, you obtain slurry where at same time 
polyolefin particle in slurry is formed mainly frombig ones of 
particle diameter, (c) remove this slurry outside polymerization 
system, youregard those which designate that remaining portion 
of slurry which is removed from polymerization vessel is reset 
to this said polymerization vessel as feature. 
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ous production process of thethis invention. Concretely, it can 
apply to production of high density polyethylene , linear low 
density polyethylene ,the polypropylene , ethylene-propylene 
copolymer , ethylene-propylene rubber and ethylene * 
propylene * diene copolymer or other polyolefin. 

[0010] You can list carbon number 2 to 8 -olefin as olefin m 
onomer which it can use with this process. There is a -olefin 
of one, two or more kinds which concretely is chosen from 
thegroup which consists of ethylene , propylene , 1 -butene 1 - 
pentene,the4-methylpentene-l, 1 -hexene and 1 -octene. ' 

[001 1] You can list stereoregular catalyst using as catalyst whic 
h is obtained. Concrete, TiCl4 -Al R3 (As for R alkyl group ) 
catalyst and TiCU -Al R2 X (As for X halogen ) -based catalyst . 
Or these catalyst which is borne in magnesium chloride and 
magnesium hydroxide. Or, TiCk -Al R3-based catalyst and. 
TiCU -Al R2 X-based catalyst Ziegler-Natta catalyst for thing 
or other polyethylene structure which reacts with 
themagnesium alkoxide. TiCl3 -Al R2 X-based catalyst or 
other 1st generation Ziegler-Natta catalyst and generally 
known Solvay catalyst or other second generation Ziegler-Natta 
catalyst . You can list Ziegler-Natta catalyst for 3rd generation 
Ziegler-Natta catalyst or other polypropylene production which 
is manufactured combiningwith carrier type solid catalyst and 
organic Al compound and various silane compound or other 
external donor which bear titanium halide inthe magnesium 
halide which includes phthalic acid diester etc as internal donor. 
Furthermore, catalyst for ethylene-propylene rubber 
manufacture which designates VOC13 andthe VCI4 or other V 
compound and ethyl aluminum sesquichloride or other organic 
Al compound as main component, also various Kaminsky 
catalystetc are desirably used. 
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[0012] You can list continuous polymerization method which u 
ses polymerization vessel of 2 or more which isconnected to 
polymerization vessel , or series array of alone as 
polymerization process whichcan apply continuous production 
process of this invention, concretely, can apply to slurry 
polymerization and bulk polymerization etc desirably, slurry 
polymerization, it melts olefin monomer here, but polyolefin 
which is formed isthe process which polymerizes in solvent 
which is not melted. On one hand, bulk polymerization is 
process which polymerizes in olefin monomer. 

[0013] Regarding continuous production process of this inventi 
on, polyolefin particle in extract and thisslurry big ones of 
particle diameter is divided into small ones with unreacted 
monomerand solvent polyolefin particle as slurry from 
polymerization vessel. And small polyolefin particle of particle 
diameter with major portion of unreacted monomer and 
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thesolvent is reset to polymerization vessel. On one hand, big 
polyolefin particle of particle diameter is removed outside 
polymerization systemwith one part of unreacted monomer 
and solvent as slurry, slurry which is removed outside this 
polymerization system below " concentrated slurry " with we 
say. As for slurry concentration of concentrated slurry, it is 
necessary to be larger than thatin slurry inside polymerization 
vessel, but when slurry concentration exceeds 75 weight %,the 
fluidity of concentrated slurry to become low, because it 
becomes impossible toremove smooth ly outside 
polymerization system, it is not desirable. Especially desirable 
slurry concentration is 70 wt% or less. 

[0014] When you polymerize in bulk polymerization, until rece 
ntly sort slurry concentration insidethe polymerization vessel 
to become 50 weight %, try slurry concentration of 
concentrated slurry to enterinto range of 70 wt% or less and 
particularly preferably 60 to 70 weight % more highly than 50 
weight %more highly than 75 wt% or less and preferably 50 
weight %. Regarding slun-y polymerization, when you 
polymerize until recently sort slurry concentrationinside 
polymerization vessel to become 35 weight %, try slurry 
concentration of concentrated slurry toenter into range of 60 
wt% or less and particularly preferably 40 to 50 weight % 
more highly than the35 weight % more highly than 75 wt% or 
less and preferably 35 weight %. 

[0015] Various ones are possible polyolefin particle as big panic 
le of particle diameter andthe method which is divided into 
small particle, but continuous operation quiteis easy and in 
point that, there is not a movable part almost, almost isnot 
stagnation of liquid it is desirable to use especiallycyclone. In 
addition, also wet classification equipment and centrifugal 
separator etc are desirably used. 

[0016] 

[Effects of the Invention] Regarding continuous production pro 
cess of this invention, as for unreacted monomer in 
concentrated slurry whichis removed from polymerization 
system and total amount of polyolefin particle, because 
itbecomes equal in quantity of monomer which is inserted in the 
polymerization vessel anew, slurry concentration in 
concentrated slurry, means to hit to conversion ratio of the 
addition monomer. Regarding continuous production process of 
this invention, because concentration of slurry ofthe 
concentrated slurry is higher than slurry concentration inside 
polymerization vessel, it is possible toraise conversion ratio of 
monomer, by comparison with conventional bulk 
polymerization and theslurry polymerization. When process of 
for example this invention is adopted for bulk polymerization, 
because thesluny concentration of concentrated slurry to be 
higher than 50 weight % is possible to the75 weight %, greatly 
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it is possible conversion ratio of monomer in comparisonwith 
conventional 50 weight % to raise. Therefore, because quantity 
of recovery monomer decreases^ merit that there is it 
decreases energy which is required in the monomer recovery, 
are required in monomer recovery a raw material , a steam * a 
electric power or other starting unit and thegreatly it decreases. 
Remaining strength is born in also, monomer recovery facility 
and purity of recoverymonomer can improve. Furthermore, 
particle diameter it is small, namely as for polyolefin particle 
whichincludes catalyst where high activity and active site 
density are high, most to bereset by polymerization vessel, 
because it participates in poIymerization,there is a feature that 
it can be made also use efficiency of catalysthigh. Because and, 
it decreases, for small particle of these particle diameter to 
mixto product, product where impact resistance is high 
regarding injection molding grade isacquired, can hold down 
occurrence of fisheye regarding the film grade. 

[0017] 

[Working Example(s)] Below, being a bulk polymerization proc 
ess of propylene which uses third generation Ziegler-Natta 
catalyst, listing theexample which applies continuous 
production process of this invention to those which 
polymerizewith single polymerization vessel, you explain in 
detail concerning continuous production process of the this 
invention. 

[0018] Figure 1, being a one example of process of this workin 
g example, although youdivide polyolefin (polypropylene) 
particle into big particle of particle diameter and small 
particleof particle diameter, is process diagram which shows 
example which uses thecyclone. Figure 2 is process diagram 
which shows one example of bulk polymerization process of the 
conventional propylene. 

[0019] As for in the diagram and 1 polymerization vessel, as fo 
r 2 condenser,as for 3 solid-gas separator, as for 4 compressor, 
as for the5 heater, as for 6 pump, as for 7 thecyclone is shown, 
a, b, c and d show each flow regulating valve. As for 8 line in 
order to supply liquified propylene to polymerization vessel 1, 
the 9 is line in order to lead mixed gas which includes 
thepropylene and hydrogen which evaporate from 
polymerization vessel 1 to condenser 2, theflow regulating 
valve a is provided on middle. As for 10 with line in order to 
reset liquified propylene to thepolymerization vessel 1 from 
condenser 2, 11 and 12, extracting slurry of polyolefin 
(polypropylene) particle andthe liquified propylene from 
polymerization vessel, is line in order to lead to cyclone 7,the 
13 is line which resets blend of polyolefin (polypropylene) 
particle and theliquified propylene to polymerization vessel 1. 

[0020] You explain below, concerning action of process which i 
s shownin Figure 1. 
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[0021] Liquified propylene passing by line 8, is supplied to poly 
menzation vessel 1. supplied amount of liquified propylene is 
controlled, in order for height of theliquid surface of 
polymerization vessel 1 inside to become fixed. From middle of 
line 8, main catalyst , cocatalyst ,. and theelectron donor are 
supplied. Those which bear for example titanium chloride in 
magnesium chloride as main catalyst and those whichreact with 
organo-aluminum compound. It can use catalyst etc which 
prepolymerization is done. In addition it can use various silane 
compound with organo-aluminum compound, as electron donor 
asthe cocatalyst. It can supply main catalyst , cocatalyst and 
electron donor, to continuous. With polymerization vessel 1 
inside, liquified propylene which is supplied from line 
8polymerizes, suspension does in liquified propylene as 
polypropylene particle whichincludes catalyst which possesses 
activity and has become slurry. On one hand, portion of 
liquified propylene in slurry evaporates, removes theheat of 
polymerization which occurs inside polymerization vessel 1. 
And propylene which evaporates is led to capacitor 2 through 
line 9as impurity hydrocarbon gas which is included and 
hydrogen which etc suchas propane as molecular weight 
regulator is added and also as mixed gas. 

[0022] Mixed gas which is removed from polymerization reacto 
r 1 through line 9 is led bythe condenser 2, liquefaction does 
vaporized propylene there, passes by line 10 and isreset to 
polymerization reactor 1 again. Quantity of mixed gas which is 
led to condenser 2 adjusts byallowing open degree of flow 
regulating valve a. internal pressure namely polymerization 
temperature of polymerization reactor 1 adjusts by increasing 
anddecreasing quantity of mixed gas which is led to condenser 2. 
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[0023] Slurry of polypropylene particle which is formed inside 
polymerization vessel 1 is extractedfrom polymerization vessel 
1 through line 11, is supplied to cyclone 7 through the line 12. 
In cyclone 7, polypropylene particle in slurry is divided into 
big particle ofthe particle diameter and small particle of particle 
diameter. Small particle of particle diameter recovers as slurry 
from upper part ofthe cyclone 7, is reset to polymerization 
vessel 1 through line 13. On one hand, big particle of particle 
diameter, becoming concentrated slurry, isdischarged to solid- 
gas separator 3 through line 15 through flow regulating valve b 
from thebottom part of cyclone 7, is sent. It can increase and 
decrease slurry concentration of concentrated slurry, by 
adjusting withthe flow regulating valve b and c. As for 
concentrated slurry, when it is discharged from flow regulating 
valve b, liquified propylenewhich is included in evaporates at 
once, becomes vaporized propylene of the low temperature and 
blend of big polypropylene particle of particle diameter, line 1 
6, 1 7, and 19 circulating gas and confluence whichcirculate it 



S^h ^°" ve f rtedKok f i < tm )' Version 1.2 (There may be errors in the above translation. ISTA cannot P.9 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



JP 95286004 Machine Translation - 5t Pass 



[0024] m-%Km&zv%\tz?u£\s^tm)yue 

U>*5*£A<#gt£;fU *U:/PtfU>*5^^>2 0£ 



Coo2 5] H-a#«S3r»***ifcSR<b^pe 
[0026] bit. SSISa>^y^pifL/>(D/^i7fi^rc* 
[0027] «#?>*tfc?Ku^peu>ta^icot\r. uto> 



$^840/im(DlS-C^'J^PeL/>S : f^^iaL. *ug7 
4 v m5feXO)3KU ?P eu>f^ayiug8 4 0 m£ffi;L 



^Uh?P-U-h (MF) 



ASTM D 1 2 3 8IC2MH 



7-f v**^y$»»fl>SI£ (Hi) r^bft/ztf'J^pf 



does this blend, is sent to solid-gas separator 3. Furthermore 
as for concentrated slurry it is desirable to discharge inthe 
discontinuous. 

(0024] Vaporized propylene and polypropylene particle are sep 
arated with solid-gas separator 3, polypropylene particle 
isremoved through line 20. As for polypropylene particle 
which is removed through line 20, according to needthe 
demetallization step, atactic polypropylene removal step. 
You send to drying process or pelletizing step, you can recover 
as product. It supplies polypropylene particle from also, line 
20 to following polymerization vessel, to thispolymerization 
vessel adds identical or different monomer, is possible to 
polymerize second step, -olefin of one, two or more kinds 
which is chosen from group which consistsof ethylene , 
propylene , 1 -butene , 1 -pentene , 4 -methylpentene -1,1- 
hexene and 1 -octeneas monomer which is supplied at time of 
polymerizing second step,is desirable. 

[0025] Vaporized propylene which on one hand, is separated wi 
th solid-gas separator 3 circulatesthe line 1 6, 1 7, and 19. 
And, portion of vaporized propylene is extracted from line 18, 
is sent to themonomer recovery step which is not indicated. 

[0026] Below, example which applies continuous production pr 
ocess of this invention to bulk polymerizationof actual 
polypropylene is shown. Furthermore those of purity 95 % 
were used as propylene, impure fraction was propane mainly. 

[0027] Property was measured concerning polypropylene parti 
cie which it acquires, likebelow. Furthermore it measured 
concerning polypropylene particle after 
demetallizationconcerning external appearance of fisheye , 
Izod impact strength , and injection molded article,! t measured 
ratio of particle diameter distribution , melt flow rate , and 
isotactic portionconcerning polypropylene particle before 
demetallization. 

Particle diameter distribution : Size of eye sieve of 74 m, 
size of eye with sieve of 840 m, classification did 
polypropylene particle,sought polypropylene particle under 
particle diameter 74 m and ratio of polypropylene particle 
of theparticle diameter which exceeds particle diameter 840 
m. 

Conforming to melt flow rate (MF): ASTM D1238, it measure 
d. 

Ratio of isotactic portion (HI):, polypropylene particle which 
is acquired, to designate as film ofthe 0.1 mm thickness with 
hot press , to cut off film in 1 cm square, 6 hoursit extracted 
with boiling normal heptane this cut film, making use of 
Soxhlet extractor,measured ratio of insoluble fraction. 
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Fisheye: You obtained film of thickness 25 m making use o 

©N70 5^7383^" r b K r ° f ^ HutCC 0ri 8 ine ' KK - 
(DN 70-542-7383) make fisheye counter concemingthis film 

displayed with number of per 450 cm2. 

Izod impact strength : Conforming to ASTM D256, it measure 

External appearance of injection molded article : external apn 
earance was appraised with visual concerning test piece which 
tsused for measurement of Izod impact strength. 

[0028] [Working Example 1] Example which did bulk polymeri 
zation of propylene with process of theFigure 1 is shown 
mixer-equipped polymerization vessel of 200 liter was used to 
polymerization vessel 1 regarding this Working Example. 

[0029] First, you express concerning preparation method of m 
am catalyst. While inserting normal heptane 15 liter in 
jacketed prepolymerization tank which has mixer of the30 liter' 
keeping this in 10 °C you inserted 15 weight % normal 
heptane solution 0. 7 liter of triethyl aluminum (TEA). 
Furthermore, you inserted 0.1 mol/liter normal heptane 
solution 0. 7 liter of t-butyl ethyl dimethoxy silane (TBE 
DMS), Toho Titanium Co. Ltd. (DN 69-057-0528) make THC - 
32Acatalystthe500g were filled. With nitrogen gas it 
pressurized inside prepolymerization tank in 0. 5 kg/cm2G. 
Here, THC -32A catalyst is something which bears titanium 
chloride on magnesium chloride whichthe modified is done 
Next, propylene gas 500g pressure insertion was done in this 
said prepolymerization tank. You kept time of pressure 
insertion in pressure 2. 0 kg/cm2G, but after 4 0 min 
elapsingthe pressure became 0. 5 kg/cm2G and completed 
prepolymerization. main catalyst which is acquired was slurry 
solid component concentration was the61 g/liter. It offered to 
polymerization reaction below this said slurry by supplying to 
polymerization vessel inthe quantitative. 

[0030] Next, you express concerning polymerization, poly 
menzation polymerized with liquid volume of 1 10 litermaking 
use of jacketed polymerization vessel which has mixer of 200 
liter. TBE DMS was used with TEA, as electron donor as 
cocatalyst. In order for height of liquid surface of 
polymerization vessel 1 inside to become fixed, itsupplied 
liquified propylene which is a monomer, from line 8. feed 
amount of propylene was 36,500 g/hr. main catalyst, with 
THC -32A catalyst conversion with each pure product 
conversion supplied 0. 5 g/hr, the TEA and TBE DMS, to 
polymerization vessel 1 at ratio of 6. 4 g/hr and thel. 5 g/hr. 
polymerizing, in order for melt flow rate of polypropylene 
particle which itacquires to become 80, it supplied hydrogen gas 
for molecular weight adjustment, tothe polymerization vessel 
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1. supplied amount of this time was 233 normal Iiter/h. 
[0031] You polymerized with 78 °C . 

[0032] Through line 1 1 which can provide slurry which it forms, 
in thebottom of polymerization vessel 1 sending to cyclone 7 
in continuous due to theextract and pump 6 , you divided into 
slurry of big particle ofthe particle diameter and slurry of small 
particle of particle diameter. As for slurry of small particle of 
extract and particle diameter youreset into polymerization 
vessel 1 through extract and line 13 from upper partof cyclone 
7 as for sluny of big particle of particle diameter as 
theconcentrated slurry from bottom of cyclone 7. As for 
concentrated slurry, opening and closing flow regulating valve b 
in discontinuous throughthe line 14, you sent to line 15. You 
adjusted slurry concentration of concentrated slurry, 55 weight 
% by adjusting opendegree of flow regulating valve c. liquified 
propylene in this said concentrated slurry evaporated with 
outlet of flow adjustment valve b, the concentrated slurry 
polypropylene particle and became blend of propylene which 
evaporates. Sending blend which comes out of flow adjustment 
valve b, to solid-gas separator (bag filter)3 , itseparated with 
into polypropylene particle and vaporized propylene, it 
recovered with the polypropylene particle as polypropylene 
powder, per hour quantity of polypropylene powder which 
recovers was 2 0. 1 kg. polypropylene powder which recovers 
extracted, washed, did, in themixed solution for demetallization, 
catalyst and demetallization. demetallization did like below. 
First, in order to become slurry concentration- 20 weight %, 
suspension doing polypropylene particle inthe mixed solution, 
extraction * it removed catalyst in polypropylene particle 
withthe condition of 85 °C and 3 0 min, next, in this 
polypropylene particle blew themixed solution with 85 °C and 
washed. 2 time it repeated catalyst extraction and washing. 1 
2 hours it dried polypropylene particle after demetallization, 
with condition of the60 °C and 10 ton. vaporized propylene 
which on one hand, is separated with solid-gas separator 3, 
circulation Hnewhich consists of line 1 6, 1 7 and 19 through 
compressor 4 and theheater 5, as it circulates, from line 18 
extract and recycle quantitytried part of that that become fixed. 

[0033] Stabilizing, it could do driving, also, as for polypropyle 
ne which is acquired, melt flow rate (MFR) being the80, 
proportion of isotactic structure (HI) was 98. 7 %. As for 
particle diameter distribution, things such as among 
polypropylene particle entirety 10 0 weight % and under 
particle diameter 74 mbigger ones than 1. 0 weight % and 
particle diameter 840 m was 25. 5 weight %. As for also, 
Izod impact strength although 5. 5 kgf-cm/cm it is superior 
number of the fisheye was no more than a 6 /450 cm2. surface 
state of injection molded article which is acquired was 
quitesmooth. 
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[0034] [Working Example 2] Other than adjusting slurry conce 
ntration of concentrated slurry 60 weight % t it executed inthe 
same way as Working Example 1. As for supplied amount of 
propylene of this time with 33,700 g/hr, as for thesupplied 
amount of hydrogen it was a 203 normal liter/h. And per hour 
quantity of polypropylene powder which recovers was 20. 2 kg. 
Stabilizing, it could do driving, also, as for polypropylene 
which is acquired, melt flow rate (MFR) 80 andthe proportion 
of isotactic structure (HI) was 98. 7 %, as for particle diameter 
distribution, things such as among the polypropylene particle 
entirety 10 0 weight % and under particle diameter 74 m 
being 0. 7 weight %, bigger ones than particle diameter 840 
mwere 26. 0 weight %. As for Izod impact strength 
although 6. 0 kgf-cm/cm it is superior number of the fisheye was 
no more than a 4 /450 cm2. surface state of injection molded 
article which is acquired was quitesmooth. 

[0035] [Working Example 3] Other than adjusting slurry conce 
ntration of concentrated slurry 65 weight %, it executed inthe 
same way as Working Example 1. As for supplied amount of 
propylene of this time as for supplied amount of the31,500 g/hr 
and hydrogen it was a 178 normal liter/h. And per hour 
quantity of polypropylene powder which recovers was 20. 5 kg. 
Stabilizing, it could do driving, also, as for polypropylene 
which is acquired, melt flow rate (MFR) being the80, 
proportion of isotactic structure (HI) was 98. 7 %, as for 
particle diameter distribution, things such as amongthe 
polypropylene particle entirety 10 0 weight % and under 
particle diameter 74 m being 0. 5 weight %, bigger ones than 
the particle diameter 840 m were 26. 5 weight %. As for 
Izod impact strength although 6. 5 kgf-cm/cm it is superior 
number of the fisheye was no more than a 3 /450 cm2. surface 
state of injection molded article which is acquired was 
quitesmooth. 

[0036] [Working Example 4] Other than adjusting slurry conce 
ntration of concentrated slurry 70 weight %, it executed inthe 
same way as Working Example 1. As for supplied amount of 
propylene of this time as for supplied amount of the30,000 g/hr 
and hydrogen it was a 158 normal liter/h. And per hour 
quantity of polypropylene powder which recovers was 21. 0 kg. 
Stabilizing, it could do driving, also, as for polypropylene 
which is acquired, melt flow rate (MFR) 80 andthe proportion 
of isotactic structure (HI) was 98. 8 %, as for particle diameter 
distribution, things such as among the polypropylene particle 
entirety 10 0 weight % and under particle diameter 74 m 
being 0. 5 weight %, bigger ones than particle diameter 840 
mwere 26. 0 weight %. As for Izod impact strength 
although 6. 5 kgf-cm/cm it is superior number of the fisheye was 
no more than a 3 /450 cm2. surface state of injection molded 
article which is acquired was quitesmooth. 
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[0037] [Working Example 5] Other than adjusting slurry conce 
ntration of concentrated slurry 75 weight %, it executed inthe 
same way as Working Example 1. As for supplied amount of 
propylene of this time as for supplied amount of the25,300 g/hr 
and hydrogen it was a 131 normal liter/h. And per hour 
quantity of polypropylene powder which recovers was 19. 0 kg. 
As for driving stabilizing, it could do, but, you could see 
somewhatfluctuation to extract of concentrated slurry, as for 
polypropylene which is acquired, melt flow rate (MFR) 80 
andthe proportion of isotactic structure (HI) was 98. 8 %, as 
for particle diameter distribution, things such as among the 
polypropylene particle entirety 10 0 weight % and under 
particle diameter 74 m bigger ones than 0. 5 weight % and 
particle diameter 840 m wasthe 26. 0 weight %. As for Izod 
impact strength although 6. 5 kgf-cm/cm it is superior number 
of the fisheye 5 was no more than a /450 cm2. surface state 
of injection molded article which is acquired was smooth. 

[0038] [Comparative Example 1] It did bulk polymerization of 
propylene with conventional process which is shown in 
theFigure 2, other than feed amount of propylene to 
polymerization vessel 1 had become the40,000 g/hn it executed 
in same way as Working Example 1. recovered amount of 
polypropylene powder of per hour was 20.0 kg/h. as for 
polypropylene which is acquired, melt flow rate (MFR) 80 
andthe proportion of isotactic structure (HI) was 98. 7 %, as 
for particle diameter distribution, things such as among the 
polypropylene particle entirety 10 0 weight % and under 
particle diameter 74 m bigger ones than 3. 0 weight % and 
particle diameter 840 m wasthe 25. 0 weight %. As for Izod 
impact strength although 4.5 kgf-cm/cm it is inferior 15 
the/450 cm2 there was a number of fisheye. surface state of 
injection molded article which is acquired was good. 

[0039] 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] Process diagram which shows example which applie 
s continuous production process of this inventionto bulk 
polymerization of polypropylene. 

[Figure 2] Process diagram which shows process of bulk poly m 
erization of conventional polypropylene. 

[Explanation of Reference Signs in Drawings] 
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1 * * * polymerization vessel 



capacitor 
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solid-gas separator 



4 * * * compressor 

5 * * * heater 

6 * * * pump 

7 * * * cyclone 

8 * * * . line in order to supply liquified propylene to polymer 
ization vessel 1. 

9 * * * . line in order to lead mixed gas from polymerization 
vessel 1 to capacitor 2. 

10 * * * . line in order to reset liquified propylene from capac 
itor 2 to polymerization vessel 1 . 

1 1 and 12 * * * . Extracting slurry of polyolefin (polypropyle 
ne) particle and liquified propylene from polymerization vessel, 
theline in order to lead to cyclone 7. 

13 * * * . It is a line which resets slurry of polyolefin (polypro 
pylene) particle and liquified propylene to thepolymerization 
vessel 1. 
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Abstract 



Make-up of Invention: In a process in which polypropylene is 
manufactured by slurry or bulk polymerization of propylene, etc., 
the slurry in the polymerization vessel is continuously extracted 
and the polypropylene particles in the slurry are continuously 
classified by means of a cyclone, etc.; only the slurry containing 
the small-diameter polypropylene particles is returned to the 
polymerization vessel, and the slurry containing the 
large-diameter polypropylene particles is recovered as the 
product . 

Effects of Invention: The utilization efficiency of the 
polymerization catalyst is improved and the yield of polypropylene 
with respect to the quantity of propylene charged is raised. 

Specifications 

1. Title of Invention: 

Continuous polyolefin production process 

2. Claims: 

(1) A continuous polyolefin production process, characterized in 
that, in a process in which polypropylene is manufactured by 
slurry or bulk polymerization of olefin monomers using 1 or more 
polymerization vessels and a stereoregular catalyst; (a) the 
slurry in the polymerization vessel is continuously extracted, (b) 
the polypropylene particles in the slurry are continuously 
classified by means of a cyclone, etc., obtaining a slurry which 
has a slurry concentration higher than that of the slurry in the 
polymerization vessel and in which the polyolefin particles are 
constituted primarily of larger-diameter ones; and (c) this slurry 
is removed from the polymerization system and the remainder of the 
slurry which was extracted from the polymerization vessel is 
returned to this vessel. 

3. Detailed Explanation of Invention: 
Industrial Field of Application 

This invention concerns an improved continuous polyolefin 
production process in which olefin monomers are continuously 
polymerized by means of a stereoregular catalyst, such as 
aZiegler-Natta catalyst, in a polymerization vessel connected to 1 
polymerization vessel or a series of 2 or more vessels. 



Prior Art 

Polyolefins, such as high-density polyethylene, linear low-density 
polyethylene, polypropylene, ethylene-propylene copolymer, 
ethylene-propylene rubber, ethylene-propylene-diene copolymer, 
etc., are often manufactured continuously by a process of slurry 
or bulk, etc., polymerization, in a single polymerization vessel 
or a series of 2 or more vessels, using a stereoregular catalyst 
such as a Ziegler-Natta catalyst. In these processes, the 
polyolefins are recovered as particles which include the catalyst 
inside them. 

In the slurry and bulk polymerization processes, in order to 
increase the conversion rate with respect to the quantity of 
monomer fed, the method of raising the slurry concentration in the 
polymerization vessel has been investigated. However, it was found 
previously that if the slurry concentration in the vessel becomes 
too high during the slurry or bulk polymerization, the problem 
arises that stirring becomes difficult and uniform polymerization 
becomes difficult. For example, in the polymerization of propylene 
by slurry polymerization, a slurry concentration of 35 wt % is 
said to be the limit for performing stable operation of the 
process. In bulk polymerization, on the other hand, the limit for 
stable operation is said to be about 50 wt %. 
Up to now, in bulk polymerization, the slurry in the 
polymerization vessel was continuously removed from a removal line 
provided to the polymerization vessel. This is because the 
internal pressure of the polymerization vessel is high, 20-60 
kg/cm2 G, whereas the pressure in the removal line is lower, 1-10 
kg/cm2 G. By continuously extracting the slurry in this manner, 
the internal pressure of the polymerization vessel could be 
maintained and the quantity of slurry extracted could be 
controlled by controlling the timing of the valve openings and 
closings. 

Problems That the Invention Is to Solve 

Up to now, the slurry in the polymerization vessel was only 
continuously extracted as is, in this manner; therefore, the 
slurry concentration in the polymerization vessel became the 
conversion rate to polyolefin particles, per unit quantity of 
monomer fed into the process, and this conversion rate could not 
exceed the limits mentioned above. Furthermore, the slurry which 
was extracted contained a large quantity of small-diameter 
polyolefin particles. These small-diameter particles had not yet 
progressed very far in the polymerization process; the active site 
density of the catalyst in the particles was high, and the 
activity was still quite high. Therefore, the problem arose that 
tne still highly active catalyst, in the form of being contained 
in the polyolefin particles, was given a short path and thus had a 
low utilization efficiency, which reduced productivity. 
In addition, since the polyolefin particles with small diameters 
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and high active site densities, i.e., short residence times, were 
mixed in with the product, fish eyes tended to be easily produced 
in film-grade polymers, while in injection-molding-grade polymers 
molded articles with high impact resistances could not be 
obtained. There was also the problem that surface roughening was 
easily produced in molded articles. 

Furthermore, since the slurry in the polymerization vessel was 
extracted as is from the removal line, as mentioned above, a larae 
quantity of monomer was also extracted together with the 
polyolefin particles. For this reason, a large quantity of monomer 
had to be recovered, and as a result the problems arose that the 
monomer recovery apparatus became large and the amount of energy 
required for the monomer recovery became large. This invention has 
the purpose of improving the productivity and catalyst utilization 
efficiency in processes such as conventional slurry or bulk 
polymerization. J 
Means of Solving the Problems 

3^h inV ? nti0n f S charact erized by the fact that, in a process in 
which polypropylene is manufactured by slurry or bulk 
polymerization of olefin monomers using 1 or more polymerization 

n e ff. an . a stereoregular catalyst; (a) the slurry S the 
polymerization vessel is continuously extracted, (b) the 

bv ^nS Y r S par ? icles in the slurry are continuously classified 
by means of a cyclone, etc., obtaining a slurry which has rv 

ve^ef andln ^Tcht^ ^ ? f the slu "* ^ thfpo^eJi^atS 
vessel and in which the polyolefin particles are constituted 

from a ?ii y °f lar ? er 7 dia ^ter ones; and (c) this sJur^ is removed 
from the polymerization system and the remainder of the slurry 
tMfv:sL! XtraCted fr ° m ^-ization vessel is^returned to 

?o%h2 n ^T^- Pr ° d ^ Ction P rocess of this invention can be applied 
to the production of various kinds of polyolefins Soecif i raliv 

I - ? e a S Plied t0 the Production o/hi^h-denSity po5^Syle^ 
linear low-density polyethylene, polypropylene, ethylene-proovlSn^ 

arra-oLrL^l-?i efin K m ° n0me " Which can be used in the process 
are a olefins with carbon numbers of 2-8 SDPrifi> a ii« 

use i or more kinds of e-olefins selected fro£ ethylene 
J-'oct'ene 6 ' 1_bUtene ' 4-methylpentene^-htiene, and 

IUL??- aly ? ts "* Lch can be used are stereoregular catalysts 
no?5^ J ly ' Zle 9 ler "Nstta catalysts for manufacturing 

cacaTys? Y - e ;^ 1 4 n ^^i n ? M»™ R is an Lilyl group) 

Ldtaiyscs, T1C14-A1R2X where X is a haloaen) catalv^. ™o 

magn sirhyoro^e • ^1^°^ ™ or 
™yleneTmadeV^ 



with magnesium alkoxides; first-generation Ziegler-Natta 
catalysts, such as TiC13-AlR2X catalysts; second-generation 
Ziegler-Natta catalysts, such as so-called Solvay catalysts; 
third-generation Ziegler-Natta catalysts prepared by combining 
supported solid catalysts consisting of titanium halides supported 
on magnesium halides and containing diesters of phthalic acid, 
etc., as internal donors, organo aluminum compounds, and external 
donors, such as silane compounds; etc. Other desirable catalysts 
are ones for manufacturing ethylene-propylene rubber which contain 
as their principal components V compounds, such as VOC13 and VC14, 
etc., and organoaluminum compounds, such as ethyl aluminum 
sesquichloride, etc. 

Examples of the polymerization process in which the continuous 
production process of this invention can be applied are methods of 
continuous polymerization using individual polymerization vessels 
or 2 or more polymerization vessels connected in series. 
Specifically, it is desirable for slurry, bulk, etc., 
polymerization. The term "slurry polymerization" here refers to 
processes in which the polymerization is performed in solvents in 
which the olefin monomers do not dissolved but the polyolefins 
produced do dissolve. On the other hand, the term "bulk 
polymerization" refers to processes in which the polymerization is 
performed in the olefin monomers. 

In the continuous production process of this invention, the 
polyolefin particles are extracted from the polymerization vessel 
as a slurry, together with the unreacted monomers and the solvent, 
and the polyolefin particles in the slurry are separated into 
large and small particles. The small-diameter polyolefin particles 
are returned to the polymerization vessel together with most of 
the unreacted monomers and the solvent. On the other hand, the 
large-diameter particles are removed from the polymerization 
vessel as a slurry, together with some of the unreacted monomers 
and solvent. The slurry removed from the polymerization vessel 
win be referred to below as the "concentrated slurry." The slurry 
concentration of the concentrated slurry must be larger than that 
°Z a e *.f ff y ln the Poiy^erization vessel, but if it exceeds 75 
wt %, the fluidity of the concentrated slurry will be reduced and 
it will no longer be able to be removed smoothly from the system; 
therefore, this is not desirable. Especially desirable slurry 
concentrations are 70 wt % or less. 

In bulk polymerization, when the polymerization is performed in 
such a way that the slurry concentration in the polymerization 
vessel becomes 50 wt %, as was formerly done, the slurry 
concentration of the concentrated slurry is greater than 50 wt % 
and less than 75 wt %, preferably from 50 to 70 wt %, and 
especially preferably 60-70 wt %. In slurry polymerization, when 
the polymerization is performed in such a way that the slurry 
concentration m the polymerization vessel becomes 35 wt %, as was 
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fS^f 1 ? d °?!' Slurry concentration of the concentrated slurrv 

to To Tl and 35 Wt - % ,f nCi lGSS than 75 Wt % ' Preferably ?rom35 Y 
to t>U wt %, and especially preferably 40-50 wt %. 

Various methods can be used for separating the polyolefin 
particles into large- and small-diameter particles, but the use of 
;.2E l0n V 8 especiall y desirable from the points of view that i? 
makes continuous operation extremely easy and there is almost no 
stagnation of the liquid. Other desirable methods are wet 
classification devices, centrifugal separators, etc 
Operation of Invention 

In the continuous production process of this invention n, a ^ ! 
quantity of the unreacted monomer and polyoL^n par??cles in 

srh i ah«"s a nriL the c <r ersion rate ° f th * ~- c an be 

, "J-gner tnan in the conventional bulk and slurrv 
polymerization methods. For example, when ?he process of thi« 

power is produced^ ^^^r^J^n^id^S'S 

of purity of the recovered monomer can be increased ?„ Srti?^" 6 

SSrs-JS r-SSLSS-Sr-SSS -Ration 

^tl^^?. ££™~r s £ e these 
with high rmpLt resrstance a« nh^ "S th ^ e P roduct - Products 
orade, and tne produce, W^^ST^S™" 

Working Examples 

rnee„tiln^ a ^iSrizat e iorJn nUOUS n f nUfaCtUrin9 P rOC6ss ° f this 
using a bulk S izl w """i 6 Polymerization vessel 

thirigeneration^egler-Sat^rcatalvst^ 0 ,, 1 ^ 6 ' USin9 a 
order to exnlain ^ a catalyst will be given below, in 

aer to explain the continuous manufacturing process of this 
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invention in more detail. 

Fig. 1 shows an example of the process of the working examples- il- 
ls a process drawing which shows an example of the use of a 
cyclone to separating large- and small-diameter polyolefin 
(polypropylene) particles. Fig. 2 is a process drawing which show* 
an example of the conventional bulk propylene polymerization 
process . 

In these diagrams, 1 is a polymerization vessel, 2 is a condenser 
3 is a solid-gas separator, 4 is a compressor, 5 is a heater, 6 is 
a pump, and 7 is a cyclone, a, b, c, and d are flow regulating 
valves. 8 is a line for feeding liquefied propylene to the 
polymerization vessel 1, 9 is a line for carrying a mixed gas 
containing vaporized propylene and hydrogen from the 
polymerization vessel 1 to the condenser 2. 10 is a line for 
returning the liquefied propylene from the condenser 2 to the 
polymerization vessel 1, 11 and 12 are lines for extracting the 
2 of polyolefin (polypropylene) particles and liquefied 

cyclone 7 a"nS ^faT ^^J! VGSSel and Carrying the * to "he 
cyclone /, and 13 is a line which returns the polyolefin 

po^rSiS^vKs^i 0 !? 5 liqUSfied Pr ° Pylene miXtU " to ^ 

be?ow Perati ° n ° f process shown in Fi 9- 1 will be explained 
The liquefied propylene passes through the line 8 and is fed into 
the polymerization vessel 1. The quantity of liquefied propylene 
™?™ . C °; trolled so that the height of the liquid surface in the 
rn,^ lor \ vessel 1 constant. The principal catalys?, 

SS f Y rt ^ elec ! :ron donor are fed beginning in the middle, of 

ca?Slvst ^ r K nC1Pal . CatalySt USed may be ' for sample, a 
catalyst made by reacting a catalyst consisting of titanium 

or a r caL?vs? 0 wM^ 0 H ma ^ nesi ^ with an organoaluminum compound, 
or a catalyst which has been treated by preliminary 

be u^d" 1Za niT 5J th ? c ° catal y st ' an organoaluminum compound can 

h J electron donor, various kinds of silane 

compounds can be used. The principal catalyst, cocatalvst and 
red C fro m ft™'"** be / ed continuously. The liqSe?ied propy'ene 

is concentrated in SiT' 1 *^ J" ^ P^^tion vessel Tand 
MrHn!rJ ? • • liquefied propylene as polypropylene 

ItHi I es ^ containin g active catalyst, forming a slurryf On the 
gasirieS t«T e ° f ^ Propylene in the slurry is 

Sli^J?, ? d removes the heat of polymerization produced in the 
passes thro^ T? SS6 o U ^^hermore, the gasified propylene 
oalel t 6 9 35 a . mixed ^s which contains hydrocarbon 

hSn™' such u as propane, which are contained as impurities, and 
hydrogen, which was added as a molecular weight regulator^ this 
mixed gas is carried to the condenser 2. regulator, this 

?hrou g r d h rn^ m 9 v is tiTriTAi°ir eriz ^ ion vessei 1 and paSSed 

y me une y is carried to the condenser, where the gasified 
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propylene is liquefied. This liquefied propylene passes through 
line 10 and is returned to the polymerization vessel 1. The 
quantity of the mixed gas returned to the condenser 2 is regulated 
by increasing and decreasing the opening of the flow rate 
regulating valve a. The internal pressure of the polymerization 
vessel, i.e., the polymerization temperature, is regulated by 
increasing and decreasing the quantity of the mixed gas carried to 
the condenser 2. 

The slurry of polypropylene particles produced in the 
polymerization vessel 1 is extracted from the polymerization 
vessel 1 and passed through line 11; after this, it passes through 
line 12 and is fed to the cyclone 7 In the cyclone 7, the 
polypropylene particles in the slurry are divided into 
large-diameter and small-diameter particles. The small-diameter 
particles are recovered as a slurry from the upper part of the 
cyclone 6 and returned through line 13 to the polymerization 
vessel 1 The large-diameter particles, on the other hand, form a 
concentrated slurry and are expelled from the bottom of the 
cyclone 7 through the flow rate regulating valve b; they pass 
through line 15 and are sent to the solid-gas separator 3 The 
slurry concentration of the concentrated slurry can be increased 
and decreased by adjusting the flow rate regulating valves b and 
c When the concentrated slurry is expelled from the flow rate 
regulating value b, the liquefied propylene contained in it is 
immediately gasified and forms a mixture with the low- temperature 
gasified propylene and the large-diameter polypropylene particles 

Une/lf "f? fl T^ 0ge 5 her With the -cycled^as P cirSul?"ng in 
lines 16, 17, and 19 and is sent to the solid-gas separator 3. 
Furthermore, it is desirable to expel the concentrated slurry 
continuously. y 

The gasified propylene and polypropylene particles are separated 
™ ga u ? e P arator 3 '* th e polypropylene particles are 

removed through line 20. If desired, the propylene particles which 

dJ m ?n^ e ? reinOVed thr ° Ugh line 20 Can be sent thr °ugh a Process of 
demineralizmg, a process of removing atactic polypropylene, a 

nrlin^T^K' ° r 3 P e i leti2in 3 Process and recovlredas tke 

hl ilf\J^ erm ° r t' fc ? e P ol yPr°Pylene particles from line 20 may 

be fed into the next polymerization vessel; the same or a 

t lltlt* t c monomer 1 ma y be added to this polymerization vessel, and 
L^°£?~ Stage P° 1 y meriza tion may be performed. Examples of 
desirable monomers fed into this second-stage polymerization are 1 
n^f 6 a ~°, e t ij ? S selected from a group including^tn^ene? 
nc£enT' 1-bUtene ' ^ntene, 4-methylpentene-l, 1-hexene, and 

On the other hand, the gasified propylene separated in the 
i™t J a L Separat ° r J 15 ci ^ulated through lines 16, 17, and 19 
tint tl gaSlfied P ro Pylene is extracted through line 18 and 
sent to the monomer recovery process, not shown. 
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An example of applying the continuous production process of this 
invention to an actual polypropylene bulk polymerization will be 
shown below. The propylene used had a purity of 95 %, and the 
principal impurity was propane. 

The properties of the polypropylene particles obtained were 
measured as described below. The particle diameter distribution, 
the melt flow rate, and the proportion of the isotactic portion 
were measured in the polypropylene particles before the 
demineralizing process, and the fish eyes, the Izod impact 
strength, and the appearance of the injection molded articles were 
measured in the polypropylene particles after the demineralizing 
process. 

Particle diameter distribution: The polypropylene particles were 
classified by using sieves with meshes of 74 mm and 840 mm to 
obtain the proportions of polypropylene particles with diameters 
less than 74 mm and particles with diameters exceeding 840 mm. 
Melt flow rate (MF) : measured according to ASTM D1238. 
Proportion of isotactic portion (HI) : the polypropylene particles 
obtained were made into a film 0.1 mm thick by hot pressing; this 
film was cut into 1 cm squares, and the cut film was extracted for 
6 hours in a Soxhlet extractor, using boiling normal heptane. 
After this, the proportion of the insoluble fraction was measured. 
Fish eyes: A film 25 mm thick was obtained by using a T die, after 
which the number of fish eyes in the film was counted with a Hutec 
Origme Co. fish eye counter; the number was expressed as the 
count per 450 cm2 . 

Izod impact strength: measured according to ASTM D256. 
External appearance of injection molded articles: The external 
appearances of the test pieces used in measuring the Izod impact 
strength were evaluated with the naked eye. 

Working Example 1 

An example of bulk polymerization of propylene is shown in the 
process of Fig. 1. In this working example, a 200-liter 
polymerization vessel equipped with a stirrer was used. 
First, the method of preparing the principal catalyst will be 
described. Fifteen liters of normal heptane were charged into a 
30-liter jacketed preliminary polymerization vessel equipped with 
i r f 6r * While the temperature was kept at 10 °C, 0.7 liter of a 
15 wt % normal heptane solution of triethylalumnum (TEA) was 
charged into the vessel. Furthermore, 0.7 liter of a 1 mol/1 
normal heptane solution of t-butylethyl dimethoxsilane (TBEDMS) 
was charged into the vessel, and 500 g THC-32A catalyst (Toho 
Titanium Co.) was packed into it. This vessel was pressurized to 
u.s Kg/cm2 G with nitrogen gas. The THC-32A catalyst used in this 
case consisted of titanium chloride supported on modified 
magnesium chloride. Next, 500 g propylene gas were introduced into 
the preliminary polymerization vessel under pressure; at the time 
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it was introduced, the pressure was maintained at 2.0 kg/cm2 G 
but after 40 minutes the pressure became 0.5 kg/cm2 and the 
preliminary polymerization was completed. The principal catalyst 
obtained was in slurry form; the solids concentration of this 
slurry was 61 g/1. This slurry was fed to the following 
polymerization reaction by feeding it into the polymerization 
vessel quantitatively. 

Next, the polymerization will be explained. The polymerization was 

?on ??T d ^ 3 li<3 ? id *> antit y of "0 liters, Ssin^ a jacket 
200-liter polymerization vessel equipped with a stirrer. As the 
cocatalyst, TEA was used, and as the electron donor, TBEDMS was 
?!h i qU o d P r °Py lene whi <* was used as the monomer was 

fed from line 8 m such a way that the height of the liquid 
surface in the polymerization vessel 1 was constant. The feed 
was n ftd Y in^ Pr ° pylene was 36 ' 500 9/hr. The principal catalyst 

the th?-3?a rlttiZ°^tZ 1Z ™i° n I eSSel 1 at °' 5 * /hr < in terms of 
tne THC 32A catalyst; the TEA and TBEDMS were fed at 6.4 g/hr and 

1.5 g/hr, respectively, in terms of the pure products. The 

™?? 593 U t t0 re 9 ulate the molecular weight was fed into 
of th* ^? ri2atl ? n VeSSel 1 in SUch a wa * that ^e melt flow rate ' 
80 ?he P auS?v fSd Par ^ cle s . Gained by the polymerization was 
ou. ine quantity fed at this time was 233 Nl/hr 
The polymerization was performed at 78°C. 

The slurry formed was continuously extracted through line 11 
placed at the bottom of the polymerization vesse? 1, and sent to 
the cyclone 7 by the pump 6; there, it was separated into a slurrv 
llrtllltl la T te ? Parti ; les and a «l»rry of small-diameter 7 
extracted *fro m ll^.f ^ la ^e-diameter particles was 
extracted from the bottom of the cyclone 7 as a concentrated 
slurry; the slurry of the small-diameter particles wis JxtrfoteH 

HTse "l t'hLugh'nne^^ 10 ^ 7 ^ ^"pS^SSSS 

vessel i tnrough line 13. The concentrated slurrv was sent t-hrmmh 

InttA itStlJ 10 : n S a tL re ? Ulatin9 ValVS " "" OP— d and n close r r h 
intermittently, and the slurry was sent into line 5 The sinrru 

S n ad?us r ting n tL f Telr?™?^* ^ -gulaied^tM^ % 
valve c L f ° f °? enin ? ° f the flow ra te regulating 

gasified It tne^ouMet ^ " concent "ted slurry was 

|eco^ r ^ and 

?JS rimli^ gasi f ied Propylene. The mixture lelv?ng thj flow 
f n terT 9 ^ J"* V3lVe b WaS sent to the solid-gas sejaiator ibao 
™lfjf^ ' 6 f e Xt Was se P a rated into polypropylene particles Ld 
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particles in a mixed solution so that the slurry concentration was 
20 wt %. The catalyst in the polypropylene particles was extracted 
and removed at 85°C for 30 minutes; next, the mixed solution was 
blown on the polypropylene particles at 85°C to wash them. The 
catalyst extraction and washing were repeated twice. After the 
demineralizing, the polypropylene particles were dried for 12 
hours at 60 °C and under a pressure of 10 torr. On the other hand 
the gasified propylene which was separated in the solid-gas 
separator 3 passed through the compressor 4 and the heater 6 and 
was circulated in the circulating lines 16, 17, and 19; at the 
same time, part of it was extracted from line 18 so that the 
quantity circulating was constant. 

The device could be operated in a stable manner. Moreover, the 
polypropylene obtained had a melt flow rate (MFR) of 80 and an 
isotactic structure proportion (HI) of 98.7%. The particle 
diameter distribution was as follows: the particles with diameters 
less than 74 mm comprised 1.0 wt % of the total particles and 
those with diameters larger than 840 mm comprised 25.5 wt %. The 
Izod impact strength was excellent, 5.5 kgf-cm/cm, and the number 
of fish eyes was only 6/4 50 cm2 . The surface state of the 
injection molded articles obtained was extremely smooth. 

Working Example 2 

The same operations were performed as in Working Example 1, except 
that the slurry concentration of the concentrated slurry was 
regulated at 60 wt %. The quantity of propylene fed in this case 
was 33,700 g/hr and the quantity of hydrogen fed was 203 Nl/hr. 
The quantity of polypropylene recovered per hour was 20.2 kg. The 
device could be operated in a stable manner. Moreover, the 
polypropylene obtained had a melt flow rate (MFR) of 80 and an 
isotactic structure proportion (HI) of 98.7%. The particle 
diameter distribution was as follows: the particles with diameters 
less than 74 mm comprised 0.7 wt % of the total particles and 
those with diameters larger than 840 mm comprised 26.0 wt %. The 
Izod impact strength was excellent, 6.0 kgf-cm/cm, and the number 
of fish eyes was only 4/450 cm2. The surface state of the 
injection molded articles obtained was extremely smooth. 

Working Example 3 

The same operations were performed as in Working Example 1, except 
that the slurry concentration of the concentrated slurry was 
regulated at 65 wt %. The quantity of propylene fed in this case 
was 31,500 g/hr and the quantity of hydrogen fed was 178 Nl/hr. 
The quantity of polypropylene recovered per hour was 20.5 kg. The 
device could be operated in a stable manner. Moreover, the 
polypropylene obtained had a melt flow rate (MFR) of 80 and an 
isotactic structure proportion (HI) of 98.7%. The particle 
diameter distribution was as follows: the particles with diameters 
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less than 74 mm comprised 0.5 wt % of the total particles and 
those with diameters larger than 840 mm comprised 26.5 wt % The 
I zod impact strength was excellent, 6.5 kgf-cm/cm, and the number 
of fish eyes was only 3/450 cm2. The surface state of the 
injection molded articles obtained was extremely smooth. 

Working Example 4 

The same operations were performed as in Working Example 1, exceot 
that the slurry concentration of the concentrated slurry was 
regulated at 70 wt %. The quantity of propylene fed in thifr a « 
was 30,000 g/hr and the quantity of hydrogen red was ?58 N^/h? 
The quantity of polypropylene recovered per hour was 21 0 kg The 
device could be operated in a stable manner. Moreover, the 
isiS^ T °? tained had a melt f l°w "te (MFR) of 80 and an 

tlC ^? t f U ^ Ur ? Portion (HI) of 98.8%. The particle 
diameter distribution was as follows- the MrHVii ,,^ !• 
less than 74 nun comprised 0.5 wt for E. toS^tSSs^ 6 " 

^^V 1 ?™^ 5 larger than 840 "» comprised 26*0 wt % The 
izod impact strength was excellent, 6.5 kg fern/ cm, and the number 
of fish eyes was only 3/450 cm2. The surface state of the 
ejection molded articles obtained was extremely smooth 

Working Example 5 

lhlt S tZ °? erations wer e Performed as in Working Example 1, except 
that the slurry concentration of the concentrated slurrv was 

wal^floo'a/hr EdV 1 " ° f P-PYlene'lef S^case 

rtt lZ^L g I ? the quantity of hydrogen fed was 131 Nl/hr 
The quantity of polypropylene recovered per hour was 19 0 ka Tho 

nnTiS 6 C °V ld be K ° Perated in a stable ^nner. Moreover, the g " 

those with diameters larger than 840 mm comprised 26 0 wt S Th. 

inaction molded articles obtained was smooth. 
Comparison Example 1 

proc'e^^no^r^Fif Hhtir '"J?™* by the ~tional 
Working ExampL ? elcelt X!* ^ °P er ations were performed as in 
the P o?ymeri?at e ion tTstll FEa^ST^ ^^Sv'S * 
oper^eT H s r ta C M ered PWf hOUr W " ^"okg. ^he^vi'ce^ld be 
had a meli fLw rati Tme^^T' ^ obtained 
proportion (Hit S qr T',? 80 and an lsotac tic structure 
as follows- the llrttlh Th f P article diameter distribution was 
ronows. the particles with diameters less than 74 mm comprised 
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3.0 wt % of the total particles and those with diameters larger 
than 840 mm comprised 25.0 wt %. The Izod impact strength was 
inferior, 4.5 kgf-cm/cm, and the number of fish eyes was 15/450 
cm2. The surface state of the injection molded articles obtained 
was good. 

Table 1 



Table 1 







Working Examples 


Comparison 
Example 






1 


2 


3 


4 


5 


1 




Temperature (°Q 


78 


Same 


Same 


Same 


Same 


Same 




^iMuiuijr vi so union \i ) 


110 


Same 


Same 


Same 


Same 


Same 




%/uanuty or catalyst tea 
(g/hr) 


. 05 


Same 


Same 


Same 


Same 


Same 


Poly- 
meriza- 


Quantity of TEA fed 
(g/hr) 


6.4 


Same 


Same 


Same 


Same 


Same 


tion 


TBEDMS (g/hr) 


1.5 


Same 


Same 


Same 


Same 


Same 


condi- 


Hydrogen (Nl/hr) 


233 


203 


178 


153 


131 


269 


tions 


Slurry concentration m 
polymerization vessel 
(wt %) 


50 


50 


50 


50 


50 


50 




Concentration of concen- 
trated slurry (wt %} 


55 


60 


65 


70 


75 


50 




Quantity of propylene fed 
(kg/hr) 


365 


337 


315 


30.C 


25.8 


40 .0 




Quantity of polymer 
recovered (kg/hr) 


20.1 


20.2 


205 


21.0 


19.0 


20jO 




Operating stability 


Good 


Good 


Good 


Good 


Somewhat 
variable 


Good 




MF(g/10min) 


€0 


80 


80 


60 


80 


SO 




HI(%) 


98.7 


98.7 


98.7 


98.8 


96.8 


98.7 


Results 


Particle diameter distri- 
bution 
<74ptm 


1.0 


0.7 


05 


05 


05 


3.0 




>£40/rm 


255 


26.0 


265 


26.0 


26.0 


25.0 




Number of fish eyes 


6 


4 


3 


3 


5 


15 




Izod impact strength 


55 


6.0 


65 


65 


65 


4.5 




External appearance of 
injection-molded articles 


Extremely Extremely Extremely Extremely Extremely 
good good good good good 


Good 



Brief Explanation of Drawings 

Fig. 1: Process diagram, showing an example of the application of 
the continuous production process of this invention to the bulk 
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polymerization of polypropylene 

Fig. 2: Process diagram, showing the conventional process of the 
bulk polymerization of polypropylene 
Explanation of Symbols: 

1 ... Polymerization vessel 

2 ... Condenser 

3 — Solid-gas separator 

4 ... Compressor 

5 ... Heater 

6 ... Pump 

7 ... Cyclone 

8 ... Line for feeding liquefied propylene to polymerization 
vessel 1 

9 ... Line for carrying mixed gas from polymerization vessel 1 to 
condenser 2 

10 ... Line for returning liquefied propylene from condenser 2 to 
polymerization vessel 1 

11 and 12 ... Lines extracting slurry of polyolefin 
(polypropylene) particles and liquefied propylene from 
polymerization vessel and carrying it to cyclone 7 

13 ... Line for returning slurry of polyolefin (polypropylene) 
particles and liquefied propylene to polymerization vessel 1 

Fig. 1 




a. Hydrogen d. Electron donor 

b. Principal catalyst e. Liquefied polypropylene 

c. Cocatalyst f. Product 
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a. Hydrogen d. Electron donor 



15 



< U SPTO) 



